Background: Ectopic pregnancy mainly refers to tubal pregnancy and abdominal pregnancy. Tubal pregnancy presents as an implanted embryo that develops in the fallopian tubes, and is relatively common in humans. In animals, tubal pregnancy occurs primarily in primates, for example monkeys. The probability of a tubal pregnancy in non-primate animals is extremely low. Abdominal pregnancy is a type of ectopic pregnancy that occurs outside of the uterus, fallopian tube, ovary, and ligament (broad ligament, ovarian ligament, suspensory ligament).This paper describes two cases of ectopic pregnancy in cats. Cases: Cat 1. The presenting sign was a significant increase in abdominal circumference. The age and immune and sterilization status of the cat were unknown. On palpation, a 4 cm, rough, oval-shaped, hard mass was found in the posterior abdomen. Radiographic examination showed three high-density images in the posterior abdomen. The fetus was significantly calcified and some feces was evident in the colon. The condition was preliminarily diagnosed as ectopic pregnancy. Cat 2. The owner of a 2-year-old British shorthair cat visited us because of a hard lump in the cat's abdomen. The cat had a normal diet and was drinking normally. Routine immunization and insect repulsion had been implemented. The cat had naturally delivered five healthy kittens two months previous. Radiographs showed an oval-shaped mass with a clear edge in the middle abdominal cavity. Other examinations were normal. The case was preliminarily diagnosed as ectopic pregnancy, and the pregnancy was surgically terminated. The ectopic pregnancies were surgically terminated. During surgery, the structures of the uterus and ovary of cat 1 were found to be intact and the organs were in a normal physiological position. Cat 1 was diagnosed with primary abdominal pregnancy. In cat 2, the uterus left side was small and the fallopian tube on the same side was both enlarged and longer than normal. Immature fetuses were found in the gestational sac. Thus, cat 2 was diagnosed with tubal ectopic pregnancy based on the presenting pathology. Discussion: Cats with ectopic pregnancies generally show no obvious clinical symptoms. The ectopic fetus can remain within the body for several months or even years. Occasionally, necrotic ectopic tissues or mechanical stimulation of the ectopic fetus can lead to a systemic inflammatory response, loss of appetite, and apathy. The two cats in our report showed no significant clinical symptoms. To our knowledge, there have been no previous reports of the development of an ectopic fetus to maturity, within the abdominal cavity of felines, because the placenta of cats cannot support the growth and development of the fetus outside of the uterus. Secondary abdominal ectopic pregnancy, lacking any signs of uterine rupture is likely associated with the strong regenerative ability of uterine muscles. A damaged uterus or fallopian tube can quickly recover and rarely leaves scar tissue. In the present report, cat 1 showed no apparent scar tissue, nor signs of a ruptured ovary or fallopian tubes. It was diagnosed with primary ectopic abdominal pregnancy, which could arise from the descent of the fertilized egg from the fallopian tube into the abdominal cavity. There was an abnormal protrusion in left of the fallopian tubes in cat 2, to which the gestational sac was directly connected. Based on pathological examination of the uterus, fallopian tubes, and gestational sac, the cat was diagnosed with a tubal pregnancy. Placental tissues and signs of fetal calcification were observed in both the fallopian tube and gestational sac.
INTRODUCTION
Ectopic pregnancy mainly refers to tubal pregnancy and abdominal pregnancy. Tubal pregnancy presents as an implanted embryo that develops in the fallopian tubes, and is relatively common in humans. In animals, tubal pregnancy occurs primarily in primates, for example monkeys [5] . The probability of a tubal pregnancy in non-primate animals is extremely low. The reasons for this include: the ectopically implanted embryo in the fallopian tubes has an insufficient nutrient and blood supply; maternal recognition of pregnancy is impaired, thereby leading to embryo death in early pregnancy [4] ; and special mucus factors secreted by the fallopian tubes can inhibit attachment of the embryo to the tubes [9] .Long-persisting abdominal fetuses frequently become calcified in women and are called lithopedions. In veterinary literature, long-lasting abdominal mineralized fetuses have been described in monkeys [4] , cats [2] , and rabbits [10] .
Abdominal pregnancy is a type of ectopic pregnancy that occurs outside of the uterus, fallopian tube, ovary, and ligament（broad ligament, ovarian ligament, suspensory ligament. It can be divided into primary and secondary abdominal pregnancy, according to its origin. In primary abdominal pregnancy, the fertilized egg is implanted and grows within the abdominal cavity. Primary abdominal pregnancy usually occurs in primates, as they have a discoid villous placenta [4] . In secondary abdominal pregnancy, however, the uterus or ovary can be ruptured by external forces, mechanical stimulation, surgical trauma, and other factors, thereby causing the embryo or fertilized egg to enter the abdominal cavity, and attach to and develop in the omentum, mesentery, liver, kidney, spleen, or other organs [8, 9] . Because of the reduced free and adequate nutrient and blood supply of the mesentery, embryos or fertilized eggs are often implanted in the mesentery.
CASES
Cat 1. The presenting sign was a significant increase in abdominal circumference. The age and immune and sterilization status of the cat were unknown. On palpation, a 4 cm, rough, oval-shaped, hard mass was found in the posterior abdomen. Radiographic examination showed three high-density images in the posterior abdomen ( Figure 1A ). The fetus was significantly calcified and some feces was evident in the colon. No other examinations were performed because of economic considerations of the owner. The condition was preliminarily diagnosed as ectopic pregnancy. The pregnancy was surgically terminated after the owner's agreement was acquired. The skin and peritoneum were incised along the ventral median line to access the abdomen. A mummified fetus was wrapped within omental adipose tissues and had adhered to the abdominal wall ( Figure 1B) . The uterus and ovary were intact and no scar tissue was observed ( Figure  1C ). Other abdominal organs showed no significant changes. Fetal development was incomplete and the umbilical artery and vein were not found. The blood supply system was observed in the forearm artery and vein. Because of an insufficient blood supply, the fetus was mummified ( Figure 1D ).
Preoperative antibiotics (ceftriaxone 30 mg/kg, i.v.) were administered. Preoperative and postoperative fasting lasted for 8 h. Ceftriaxone (30 mg/kg, i.v.) was administered for 3 days after the surgery to prevent infection. The cat recovered well after surgery and appetite returned to normal. There were no other complications.
Cat 2. The owner of a 2-year-old British shorthair cat visited us because of a hard lump in the cat's abdomen. The cat had a normal diet and was drinking normally. Routine immunization and insect repulsion had been implemented. The cat had naturally delivered five healthy kittens two months previous. Radiographs showed an oval-shaped mass with a clear edge in the middle abdominal cavity (Figure 2A ). Other examinations were normal. The case was preliminarily diagnosed as ectopic pregnancy, and the pregnancy was surgically terminated. During the surgery, a bulging, hard gestational sac was found in the fallopian tube on left side ( Figure 2B and C). After the bulging area was longitudinally incised, three fetuses that were calcified and incompletely developed were found ( Figure 2D ). After surgery, tissue samples taken from the uterus' fallopian tube on the side containing the gestational sac were fixed in a 10% buffered formalin solution, paraffin embedded, sectioned, and stained with hematoxylin and eosin. The slides were examined and photographed using a light microscopeequipped with a video camera 1 . Histopathological examination was performed on the uterus and fallopian tube on the side containing the gestational sac, as well as on the placenta and gestational sac of cat 2. The structure of the uterus was clear, visible mucosal layer, muscle layer, serous layer，the mucosal layer was thickened, the interstitial tissue was loose, and interstitial cells were hypertrophied ( Figure 3A) . Typical decidualization changes were not observed, suggesting that the fertilized egg had not developed within the uterus. The uterine mucosa also showed hemosiderin deposition ( Figure 3B ). The gestational sac was found in the fallopian tube and its wall was calcified. Necrosis was observed in the placental tissue and calcification spots were observed ( Figure 3C ), suggesting that the fetuses had been dead for a relatively long time. The gestational sac showed calcified tubal muscles and serous layer ( Figure 3D ).
DISCUSSION
Cats with ectopic pregnancies generally show no obvious clinical symptoms. The ectopic fetus can remain within the body for several months or even years. Occasionally, necrotic ectopic tissues or mechanical stimulation of the ectopic fetus can lead to a systemic inflammatory response, loss of appetite, and apathy. The two cats in our report showed no significant clinical symptoms. Cases in which ectopic fetuses develop to maturity have been reported in humans; these cases often occur in the omentum, liver, and spleen [11] . To our knowledge, there have been no previous reports of the development of an ectopic fetus to maturity, within the abdominal cavity of felines, because the placenta of cats cannot support the growth and development of the fetus outside of the uterus [1] .
Compiling a list of differential diagnoses in some cases of primary and secondary ectopic pregnancies presents some challenges. Secondary abdominal ectopic pregnancy, lacking any signs of uterine rupture is likely associated with the strong regenerative ability of uterine muscles [7] . A damaged uterus or fallopian tube can quickly recover and rarely leaves scar tissue. The black arrow shows necrotic and calcified placental tissue, the red arrow shows the muscle layer of the fallopian tube, and the brown arrow shows the serous layer of the fallopian tube.
One case report described a pregnant cat that was bitten by a dog, and subsequently sustained uterine rupture and an ectopic pregnancy; in that case, the formation of a uterine fistula and scar tissue was observed [6] . In the present report, cat 1 showed no apparent scar tissue, nor signs of a ruptured ovary or fallopian tubes. It was diagnosed with primary ectopic abdominal pregnancy, which could arise from the descent of the fertilized egg from the fallopian tube into the abdominal cavity [3] . Alternatively, severe abdominal pain caused by some diseases can lead to an increase in intrauterine pressure that could reverse the movement of the fertilized egg or fetus. The diagnosis of a primary abdominal ectopic pregnancy should be based on the following criteria: (1) no signs of estrus within the last three months, normal uterine and ovarian morphology, with no obvious scar tissue; (2) the ectopic fetus adheres only to abdominal organs and does not attach to the uterus or ovary. Cat 1 met the preceding diagnostic criteria. Cat 1 also had an abnormal blood supply system. The umbilical artery and vein were not found in the umbilicus, and the fetus was connected to the mother through an artery and vein in the forelimb. The reason for this finding might be due to the abnormal development of the yolk sac and allantois that was induced by unknown factors that led to the growth and development of the umbilical artery and vein in the forearm. It is also possible that the cat might have been exposed to teratogenic factors during pregnancy, like electromagnetic radiation or drugs, although a specific pathogenesis remains unclear.
There was an abnormal protrusion in left of the fallopian tubes in cat 2, to which the gestational sac was directly connected. Based on pathological examination of the uterus, fallopian tubes, and gestational sac, the cat was diagnosed with a tubal pregnancy. Placental tissues and signs of fetal calcification were observed in both the fallopian tube and gestational sac. Moreover, the gestational sac reflected the structure of the fallopian tube. The muscular and mucosal layers of the fallopian tube could be observed microscopically. However, the serous layer was not evident, and might have been absorbed or degraded during fetal calcification. One possible reason for tubal pregnancy is chronic inflammation that can cause transport dysfunction in the fallopian tubes. Impaired motility of tubal cilia, adhesions of the fallopian tube mucosa, as well as obstruction of the tubal cavity can all affect the movement of the fertilized egg to the uterus [7] . Cat 2 had given birth two months previous to examination ,and had a history of inflammation ,and we speculated that subsequent inflammation caused the blockage of one fallopian tube. The fertilized egg failed to descend into the uterus, and thereby resulted in a tubal pregnancy. 
